transmission has either been demonstrated by inoculating the blood of calves born from infected mothers into susceptible animals or by the presence of circulating complement fixating antibodies 13, 27, 28, 31 . There are, however, 4 cases reported where calves less than a week old were naturally infected in utero and after birth manifested severe, fatal forms of the disease 1, 17, 18, 30 . A 5th case report describes a neonatal calf that became acutely ill following experimental infection and that recovered after treatment 31 . The nature of the immunity to anaplasmosis is not well understood. The humoral response to infection consists of the production of antibodies while the cellular response consists of proliferation and hypertrophy of the splenic cord macrophages, Kupffer cells of the liver, and reticuloendothelial cells of the bone marrow 4 . It is also known that the mechanism of resistance of calves to anaplasmosis can be overcome by splenectomy, further emphasising the importance of cellmediated immunity (CMI) to anaplasmosis 21 . The tetracycline drugs effectively inhibit the multiplication of Anaplasma in erythrocytes and have been widely used for the treatment of anaplasmosis, with parasitaemia usually decreasing to 1 % or lower within 4-7 days 21 . However, tetracyclines, fluoroquinolones and imidocarb dipropionate do not reliably eliminate carrier infections 6 . A recent study suggested that oxytetracycline produces modest changes to the structure of Anaplasma marginale and is rickettsiastatic, therefore the lack of a competent immune response would manifest as treatment failure 6 . Bovine viral diarrhoea (BVD) is caused by the BVD virus (BVDV), a Pestivirus (family Flaviviridae) with a worldwide distribution (including South Africa) that can occur either as cytopathic or noncytopathic strains 10, 23 . The non-cytopathic strains are the more common biotypes of the virus and are able to cross the placenta and blood-testes barrier 10, 23 . Horizontal transmission of the virus leads to transient infection (TI) of both biotypes of the virus with viraemia lasting less than 2 weeks 23 . When vertical transmission of the non-cytopathic virus occurs during the 1st 100-120 days of pregnancy, the immune system of the foetus is evaded, and immunotolerance to BVDV occurs 20 . This leads to a calf that is persistently infected (PI), which starts shedding virus immediately after birth 19, 20 . Infection during mid pregnancy (100-150 days) may lead to abortion or the birth of an abnormal or weak calf, while infection after day 150 of gestation usually leads to a healthy calf born with antibodies against BVDV 23 . A BVDV PI animal is diagnosed by demonstrating the antigen with 2 consecutive tests 3-4 weeks apart, the 2nd test distinguishing a PI animal from a TI animal at the time of the 1st test 15 . The diagnostic tests most commonly used at present to detect viral antigen in blood, serum and tissue samples (skin, digestive tract, pancreas, mammary glands, adrenal glands, liver, respiratory tract, spleen, reproductive tract and central nervous system) are immunohistochemistry staining (IHC) and an antigen-capture enzyme-linked immunosorbent assay (AC-ELISA) 8, 12, 15 . The sensitivity and specificity of these tests range between 95 % and 100 % 8, 25 . A reverse-transcriptase polymerase chain reaction (RT-PCR) assay is available for detection of viral RNA, and can also be applied to pooled samples 15 . A new short target real-time RT-PCR assay for detection of BVDV and border disease has recently been developed 14 . IHC has been shown to provide the possibility of distinguishing BVD PI from TI animals on tissue samples taken only on 1 occasion, and is of particular diagnostic value in the skin, where strong BVDV immunoreactivity (BVDV-IR) occurs in the epidermis, follicular epithelium and hair bulbs of PI animals 2, 12, 15, 16 . The distribution of viral antigen in PI as well as TI animals has been studied in detail 16 . In PI animals, antigen is widespread in many different tissues, while in TI animals viral antigen is widespread in lymphoid tissue by day 6 after infection, but is mostly eliminated by day 9 and 13 after infection 16 . When IHC on skin samples is used to detect PI animals, false positive results due to TI animals may occur, especially in herds with a high prevalence of PI animals 15 . False negative results have also been demonstrated in a strain of BVDV which is not detected by conventional AC-ELISA or IHC 29 . BVDV can infect cells of the innate immune system (e.g. neutrophils, monocytes, macrophages, and dendritic cells) and affect their function 11, 20, 23 . Lymphocytes and macrophages constitute important target cells for the replication of BVDV 23 . Interferon production is particularly affected and recent discoveries have shown that the virus is able to prevent interferon production against itself, while maintaining some production of interferon against foreign antigens, explaining how immunotolerance is achieved in otherwise healthy PI animals 20 . Immunosuppression caused by infection with BVDV is a result of both destruction of the immunocompetent cells as well as impaired function of the surviving lymphoid cells 11, 19, 23 . Calves infected with non-cytopathic BVDV develop qualitative and quantitative abnormalities of lymphoid tissues, in particular between days 5 and 14 after infection 11, 16 . It is apparent that when infection occurs in the presence of other pathogens, BVDV can contribute to disease associated with the other microorganisms due to its effect on CMI 11 . This clinical communication proposes 1 possible reason for the sporadic severe signs of neonatal anaplasmosis in calves.
CASE HISTORY
A 2-day-old, 20 kg, female Brahman × Santa Gertrudis calf was presented to the Production Animal Clinic of the Onderstepoort Veterinary Academic Hospital (OVAH), Faculty of Veterinary Science, University of Pretoria on 14 October 2009. Although the owners had noticed the dam thoroughly lick the calf after birth it remained recumbent and was subsequently bottle-fed approximately 1 of colostrum from the dam within 24 hours of birth. The calf still did not rise and seemed weak. The owners noticed intensely yellow urine and treated her with 600 mg of long-acting oxytetracycline (Hitet 300 LA, Bayer) by intramuscular injection before transporting her without the dam to the OVAH.
Clinical signs
A complete clinical examination, peripheral bloodsmear for light microscopy evaluation and urinalysis with a refractometer and urine dipstick (Combur-Test, Roche Products) were performed after admission according to the standard operating procedures followed at the production animal clinic (PAC) of the OVAH. Upon initial examination the calf was weak, dehydrated, extremely icteric with very dark yellow urine, pyrexic (40.3°C), tachycardic (180 beats/min) and severely tachypnoeic (160 breaths/min). It was too weak to stand and had sticky orange faeces adhering to the tail and perineum. The calf had moderate proteinuria and bilirubinuria, and severe haemoglobinuria (Table 1) .
Anaplasma parasites were visible in the red blood cells (RBCs) on a peripheral blood smear. Clinicopathological tests were performed according to standard procedures at the clinical pathology laboratory of the OVAH. Serum chemistry revealed moderate hypoproteinaemia due to mild hypoalbuminaemia and moderate hypoglobulinaemia. There was severe hypochromic, normocytic (regenerative) anaemia with a marked leukocytosis characterised by pronounced left-shift neutrophilia and monocytosis (Table 2) .
Treatment
Initial treatment consisted of jugular catheterisation, intravenous crystalloid and colloid fluid therapy, oxygen administration via a face mask every 2 hours for 15 minutes, nursing care in the form of regular turning to prevent the development of pressure sores, and an ocular lubricant to prevent corneal ulcers. Bottle feeding of milk was attempted daily, and by day 3 the calf began suckling. By day 7 it was able to stand for short periods of time and intravenous fluid therapy was stopped, yet it was subsequently unable to maintain adequate blood glucose levels. A further 200 mg (10 mg/kg) oxytetracycline was administered intravenously on days 2, 3, 6, 7, and 8 of treatment but despite this, Anaplasma parasites were still visible on the blood smear and the calf relapsed into pyrexia on day 9. The calf died 10 days after initial admission, at which time haematuria and diarrhoea were noted.
Post mortem findings
Macroscopic examination revealed hepatomegaly with severe hepatic cholestasis and accentuated lobulation with multifocal mottling, generalised renal papillary and multifocal cortical necrosis with pigmentation, moderate lung oedema, interstitial pneumonia, mild accumulation of serous fluid in body cavities and an urachal abscess.
Histological findings in formalin-fixed, alcohol-dehydrated, paraffin wax-embedded tissue sections stained with haematoxylin and eosin revealed purulent pyelonephritis and embolic nephritis, hepatosis with multifocal bacterial hepatic microabscesses, portal bile duct hyperplasia and scattered clusters of neutrophils in sinusoids, mild diffuse interstitial pneumonia and marked, especially neutrophilic, leukostasis of most blood vessels in the brain sections.
Eleven months later, immunohistochemical (IHC) staining of the same wax-embedded tissues for BVDV antigen using an avidin-biotin complex Elite kit (Vector Laboratories) showed no antigen in liver, lung, kidney and brain sections, but 2 focal clusters of splenic red pulp macrophages showed positive granular intracytoplasmic antigen similar to that observed in the positively-stained control section (Fig. 1) .
Subsequent to the latter results becoming available, frozen-stored serum of the calf drawn by venipuncture on day 1 was subjected to the AC-ELISA test for BVDV (IDEXX Laboratories Inc) approximately 1 year after sampling. The optical density (OD) of the test sample was 0.713, while those of the 2 positive and 2 negative control samples were 1.151 and 2.209, and 0.082 and 0.252, respectively. Using standard operating procedure, this was interpreted as a positive result for BVDV antigen.
A year after admission an ear biopsy from the dam of the calf was subject to BVDV IHC staining, which was negative for antigen when compared with a simultaneous correctly-staining known positive control section. The RT-PCR test (Onderstepoort Veterinary Institute) performed on a whole blood sample of the cow was also negative for BVD antigen.
DISCUSSION
Although only anaplasmosis was diagnosed at the time of treatment, the calf was co-infected with BVDV, as evidenced by the persistent viraemia that lasted from 2 days after birth up to day 12 when it died. Although the duration of the viraemia is suggestive of a PI, the limited distribution of antigen on IHC examination in this case (in 2 clusters of splenic macrophages) was more typical of that described towards the end of a transient infection 16 . The negative ear IHC and blood PCR results for BVD antigen in the dam adds to the uncertainty about the PI status of the affected calf 23 . The IHC test on formalin-fixed ear notch samples can decrease in sensitivity over time 12 , but in this case the spleen sample had been alcohol-dehydrated and embedded in wax and still tested positive after 11 months, consistent with previous reports that indicate that wax embedded samples maintain their sensitivity and specificity for extended periods 15, 29 . If it is accepted that the immune response to Anaplasma infection in calves is primarily based on CMI and that infection with BVDV causes immunosuppression due to destruction and impaired function of white blood cells (especially macrophages and lymphocytes), it is reasonable to suggest that the clinical signs and treatment failure of anaplasmosis in this calf were due to the immunosuppressive effects of the co-infection with BVDV. An additional hypothesis can be advanced that since calves very rarely show clinical signs of anaplasmosis after infection in utero, the 4 previously reported cases of acutely ill neonates were possibly immunecompromised by an unknown factor.
At the time that oxytetracycline treatment was instituted, the immunosuppressed status of the calf was not suspected, hence the use of a rickettsiastatic did not seem unreasonable. However, in hindsight the failure of the oxytetracycline therapy evidenced by the high parasitaemia still present on day 9 of treatment supports the suspicion that the calf was immunosuppressed.
Although the owners administered colostrum to the calf, its serum chemistry results suggested that inadequate passive transfer occurred. This should be suspected or investigated in neonates with a serum protein level of less than 52 g/ 24 , but this was not relevant to the present case because the calf was exhibiting clinical signs of anaplasmosis as soon as the owners first saw her after birth and thus ingestion of adequate colostrum would have had no bearing on the initial presentation. Furthermore, calves under the age of 6 months, irrespective of the immune status of their dams, are normally resistant to severe clinical anaplasmosis 21 , supporting the fact that immunity to anaplasmosis is not antibody dependent. The (partial) failure of passive transfer in this calf most likely complicated the case by contributing to the development of the urachal abscess and signs of septicaemia evident at necropsy. The latter was likely the principal cause of death. Further research is needed into the relationship between immunosuppression caused by BVDV infection and the development of concurrent rickettsial diseases, in particular in neonates. The findings of this case suggest that the diagnosis of congenital anaplasmosis warrants further investigation to rule out immunosuppressive conditions such as BVDV infection that may be present in the herd.
